Results of measurements realized at 15 GeV/c in a tagged e/ir/p beam are presented. A longitudinal drift detector of 88 cm total length consisting of 16 stages of 4.7 cm drift each was used. Fast shaped signals from the detector were processed in a set of Flash ADC's with 25 ns sampling interval, corresponding to 0.3 -2.6 mm distance in the drift space. Resolution and particle separation efficiency obtained in mixtures of Ne + 10% C3' Ar + 5% C3H8, Ar + 20% C02, C3H8 + 20% C2H6 and in pure CH4 are compared to the performance of a classical method of charge integration over large samples.
Introduction
A potential improvement in the efficiency of particle identification by using many very fine sampling intervals in ionization measurements was suggested at BNL [1] , following the attempts to detect individual ionization clusters when drifting along the particle trajectory [2] . Recently, several experiments were realized in order to investigate the performance of longitudinal drift detectors with "fine" sampling. A single 5.1 cm gap [3] and a 2-stage detector with 2 x 3 cm drift [4] were used by two groups in Japan. Results from a BNL collaboration using a 10-stage detector with folded 10 x 2 cm drift (6-stages instrumented) [5] are now available. We present here some new results (first measurements in Ne + 10% C3H8 were published already [6] ) from a 16-stage device with 4.7 cm of longitudinal drift per stage.
Improvements of resolving power by about a factor of two were quoted from the small prototype measurements [3] [4] [5] when extrapolated to 1 m of total track length. Various versions of the original BNL fast amplifiers [7] (shaped pulse FWHM of X. 20 ns) were used in those experiments. The sampling interval was 40 ns ('. 1.4 mm samples in Ar + 10% CH4) [3, 4] and 2 x 10 ns (", 0.5 mm samples in Ar + 20% C02) [5] respectively. The gas gains were above 104.
Our previous results [6] measured in similar conditions with 88 cm total detector length gave, in a Ne mixture, a performance comparable to what is expected from a detector of this size using charge integration and large samples. Our aim now was to verify this tendency in two different Ar mixtures (with fast and slow drift velocity) and in several hydrocarbons.
Experimental arrangement
The geometry of the detector is shown schematically in fig. 1 for two stages from the total of 16.
The ionization deposited in the 4.7 cm of drift space between the 25 p thick aluminium foil HV electrode and the separation grid was drifted along the particle trajectory into proportional cells of 0.8 x 0.8 cm2 section. The 15 cm long HV and field wires are 50 p in diameter, the signal wires are of 10 p diameter silver plated tungsten. Another foil electrode separates the adjacent stages. Uniform drift field is maintained by a cage structure formed by tubular brass electrodes. The total detector length is 88 cm without the gas-tight box. The measurements were performed in a 15 GeV/c unseparated tagged e/1T/p beam.
The beam direction was perpendicular to the wires. The triggering scintillation counters were 0.6 cm wide, aligned on the central cells, and 3 cm long covering the middle part of the wires. A veto scintillation counter guarding the full detection area was used to remove background and multiple hits.
A modified circuit of the original fast amplifier developed at BNL [7] The passing particle has been tagged as a pion, the gas mixture was Ar + 20% C02, the drift velocity was close to 1 cm/us, so that the 25 ns sample interval corresponded to -. 0.3 mm in the drift space. The spike at the beginning is caused by the addition of ionization from both sides of the track segment crossing the proportional cell. The peak is limited to a count of 64 by the ADC range (including offset).
Summing up corresponding samples from all 16 stages and for many particles for this gas creates the familiar shape shown at the bottom of fig. 2 . Summed histograms for various other gas mixtures are given in figs [3] [4] . Note the differences in length of the plateau due to the different drift velocities. In the summed histograms the offset has been subtracted.
Corrections for the individual stage responses were applied in the off-line analysis.
Further corrections were derived from the average response for each gas by splitting the plateau region of the histograms of the accumulated events (figs 2-4) into several intervals and determining the corresponding mean values, which were subsequently used for renormalization (the improvements due to these corrections were marginal). For further analysis all samples from all stages within the plateau were taken; no cuts eliminating individual strings of samples (e.g. due to high number of overflows, etc.) were allowed, to avoid introduction of bias into the results by selective cleaning. The final distributions of truncated means, using the 40% smallest values, are plotted in figs 5-9 for all measured gas mixtures. The beam composition during these runs was -. 9% protons and roughly equal numbers of the majority particles, pions and positrons.
In table 1 we summarize the results of our measurements. For each gas mixture we indicate the total number of 25 ns samples used per track, the equivalent sample size in the drift space and the total number of beam tracks analysed (this number is not necessarily contained in all the displayed histograms). The particle separation efficiency D/a is expressed for various pairs of particles as a ratio of the distance between peaks of corresponding truncated mean distributions and the peak widths, using a=FWHM/2.36. Within the experimental errors the Ne mixture gives best results, followed by Ar + 5% C3H8. The drift velocity was in those mixtures practically identical at X 3.6 cm/us; the specific energy loss in Ar is Xi 2 times higher than in Ne. Ar + 20% Co2 mixture was measured using vd X1 1 cm/us. Pure CH4 (fast, low density) and C3H, + 20% C2H6 (slow, density close to Ar mixtures) represent two extremes for investigation of hydrocarbons. The product of number of useful samples and of the equivalent sample size gives the effective detector length which was, in our case, on the average nu 2/3 of the available 88 cm.
For comparison of the results from the longitudinal drift detector with measurements realized, also at 15 GeV/c, using charge integration in 64 x 4 cm samples [8] and 128 x 2 cm samples [9] for the same or similar gas mixtures, we scale the present results to 2.56 m of total detector length [8, 9] . As a first (optimistic) approximation, a dependence of the particle identification efficiency on the square root of the effective length could be used. The D/a values obained in this way are similar. Note that in the case of the longitudinal drift approach the effective length would have to be increased by 1/3 to obtain the true length.
In order to verify the resolution dependence on the sample size, in the data for Ar + 5% C3 H8, 2, 4 and 8 adjacent samples were added in the analysis, giving sample sizes of 0.9 (single sample) to 7 mm. The D/a ratio remained for it/p separation at 2.7 up to 4 summed samples and was reduced to X. 2.5 at the sum of 8 samples. This reduction of performance was clearly caused by problems related to a growing influence of the cut-off introduced by the overflow channel for large summed samples.
Conclusions
When comparing results obtained in identical conditions using charge integration in 64 x 4 cm and 128 x 2 cm samples and longitudinal drift with fast sampling in a 16 stage detector of 88 cm total length, we found very little difference in performance for corresponding depths.
The e/w/p relativistic rise ratios are approximately as those found by us using charge integration; an improvement due to increased relativistic rise in the fine samples was not found. The resolutions were, on the average, 12-15% FWHM; the Ne mixture showed the best it/p separation.
Only -. 2/3 of the total length of the detector was available for longitudinal sampling. By definition the longitudinal drift and sampling should be less efficient at higher pressures, so that the detector cannot be made more compact this way. When adding up to 8 adjacent samples, no marked dependence of the resolution on the sample size has been found. Some improvement of the performance of this method is certainly possible, e.g. by more refined compensation of base-line shifts and pile-up caused by big signal fluctuations. Attempts to remove the influence of close-range correlations in adjacent samples by using only every nth sample [4] will obviously increase the required detector depth.
Some hard problems are related to signal to noise ratio in big systems, differential non-linearity of the FADC's, saturation and space charge caused by high gas gain required for small samples. In the case of inclined and curved tracks the varying interval length during the fine sampling and losses in reconstruction of a track from several sampling channels could only reduce the resolution. The main difficulty seems to arise from strong inter-dependence of the average distance between the primary ionization clusters, electron diffusion during the drift and sampling interval in relation to the drift velocity with respect to the corresponding pulse shaping time constants. All these effects are of the same order. Also, the amount of data to be processed on-line and off-line is considerably increased in the case of the longitudinal drift method as compared to the classical charge integration over large samples. 
